Nanoscale physics and technology have progressed a great deal in the past decade. A wealth of high resolution information can be obtained from a sample using various techniques such as atomic force microscopy or scanning tunneling microscopy. However, performing optical studies at the nanometer scale remain a challenge. Although scanning near-field optical microscopy gets around the diffraction barrier, several technical and fundamental problems limit its applicability. Here we report on a novel approach that combines high resolution laser spectroscopy with scanning probe microscopy to determine the locations of individual fluorescent molecules in all three dimensions with nanometer accuracy and to study their optical interaction. a Figure 1: a) The schemiatic of the experimental arrangement. b) Excitation spectra of the two coupled molecules. As the incident laser intensity is increased a third resonance appears due to a 2-photon collective excitation of both molecules. Figure la) shows the schematic arrangement of the essence of the setup. A local micro-electrode applies an inhomogeneous static electric field to a sample containing fluorescent molecules. By performing fluorescence excitation spectroscopy, very narrow zero-phonon transitions with linewidth about 50 MHz can be excited. We then obtain a spatiospectral map by scanning the sample under the micro-electrode and by measuring the Stark shift of the molecular line as a function of position. The excellent signal-to-noise ratio in such measurements allows us to locate the position of the dipole moment associated with the transition at hand with nanometer accuracy in all three dimensions.
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By applying the above-mentioned technique, we have been able to locate two individual molecules that were separated by 12 * 2 nm. In addition, we have shown that these two molecules were coupled via the coherent dipole-dipole coupling, leading to two sub-and superradiant states. By increasing the intensity of the incident laser beam, we have been able to put into evidence a two-photon transition that takes place at the frequency midway between the original transition frequencies of the system (figure 1 b) . Finally, we have measured the photon statistics of the fluorescence light and shown that when exciting the system at the new frequency we observe photon bunching whereas excitation of the system at any of the original resonances yields photon antibunching. All our observations are verified by comparison with the outcome of calculations based on a master equation approach [I] .
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